Abstract. As a new type of composite pipe used for the direct-buried natural gas pipeline, the large-diameter steel pipe compounded coal-tar and enamel should be measured to obtain its thermal conductivity, but the measurement for the large-diameter composite pipes is usually not easy to be realized, and a complex test system and steps are needed. Based on Fourier's law, this paper introduces a simple method to test the thermal conductivity of a steel pipe compounded coal-tar and enamel with diameter of 660 mm. The data of the comprehensive thermal conductivity of 0.812 W / (m•K) is valuable. This method with the theoretical error of 2.1% can be referenced to test the thermal properties of the composite pipelines with large diameter.
Introduction
The large diameter long-distance pipeline is widely used in national defense, industry, chemical engineering, etc. Its complex thermal conductivity coefficient is an important parameter to measure the thermal performance of pipelines, which concerns rationality and safety of design and application of the piping system [1] . Because actual measurement is difficult to achieve, complex thermal conductivity coefficient of large diameter composite pipe is usually calculated according to the theoretical value of thermal conductivity of existing pipeline, anticorrosion, heat preservation and protection materials. But for new materials, there may be some errors in theoretical calculation. Direct buried pipeline of coal tar and enamel is made of anti-corrosion insulation layer of coal tar and enamel and spiral welded pipe, which is a new type of long-distance pipeline. Anti-corrosion insulation layer of coal tar and enamel demonstrates excellent physical and chemical properties and economic adaptability, good insulation and bonding performance, low water absorption and strong solubility properties, which plays a role in corrosion. At the same time, insulation properties of the composite pipe is worthy of study [2] [3] [4] [5] [6] .
Current methods of determining thermal conductivity can be divided into two categories: steady-state method and non-steady-state method [7] [8] [9] [10] [11] . One of the most common methods is to measure the thermal conductivity of a test piece using a rapid thermal conductivity tester: A portion of the material sample to be tested is cut and processed into test pieces of a specified size. The test method enjoys advantages of simple operation, less used equipment and short testing time. Disadvantages are: (1) the short test time poses a higher requirement for surface properties of the test specimens, and the test specimen surface and the probe used for the the test must be in close contact, otherwise, the resulting thermal contact resistance will cause a larger error in test results, affecting accuracy of test results. (2) When thermal conductivity of materials is tested with rapid thermal conductivity tester, only a part of the material to be tested is selected, which cannot fully reflect thermal properties of the material as a whole. (3) The process of making test specimens with intercepted materials may break microstructure of the material surface, and cause error in the test results [12] [13] [14] .
In view of the above problems, this paper intends to adopt a simple and easy laboratory test method, in order to obtain the actual measurement value of complex thermal conductivity coefficient of large diameter direct buried composite pipe of coal tar and enamel.
Experimental Principle, System and Method

Experimental Principle
In the one-dimensional steady-state thermal conductivity condition, based on Fourier's law, the circular heat pipe method can be used to test the thermal conductivity of long pipeline specimen. The method is suitable for the testing of low thermal conductivity in the environment with low temperature, and radial temperature gradient of the specimen is required to be much larger than the temperature gradient in the axial direction during the test, to ensure the precondition of onedimensional steady state thermal conduction. In the one-dimensional steady-state thermal conductivity condition, thermal conductivity of composite pipe can be obtained via Formula (1):
In the formula, Φ is heat flux, W; d 1 , d 2 are respectively internal and external surface diameter of the specimen, m; t 1 , t 2 are respectively internal and external surface temperature of the specimen, °C; l indicates effective length of the measurement section, m.
Experimental Test Specimen and System
Based on the above principle, the large diameter direct buried composite pipe of coal tar and enamel selected in this paper is 1800 mm in length, 660 mm in outer diameter, 7.1 mm in pipe wall thickness and 1 mm in outer composite thickness. The two ends of the specimen pipeline are sealed with 5 mm thick polyurethane insulation material, whose the thermal resistance is greater than 26.32 m⋅K/W.
In accordance with the above principles, capacity of heat transmission of pipe wall and anti-corrosion insulation layer, internal and external wall temperature, air temperature around specimen pipe under stable state should be obtained. Figure 1 shows the experimental test system, mainly including test pieces, meters, multi-function data collector, 2 m × 1.8 m high and low electric blanket (with rated power of 160 W, 140 W), a number of thermocouples and computers. Table 1 shows relevant performance of the instrument. During the experiment, the sample pipe was placed horizontally on the wood support. The electric blanket was attached to the inner wall of the specimen pipe as the heat source. The heat release was calculated according to formula (2) based on meter display data. Environment disturbance was avoided during the test.
Wherein, P is actual power of the electric blanket, W; Q is actual consumption of electricity, KW·h; t is time, h. 
Experimental Methods
After the test begins for a certain time, the system will reach the heat balance, that is, the electric blanket heat passes to air around the specimen pipe successively through tube wall, anti-corrosion insulating layer of coal tar and enamel, and then disappears in the surrounding environment via natural convection. The temperature of inner and outer wall of the composite pipe of coal tar and enamel is measured by the thermocouple attached to it. When the temperature of the inner and outer wall does not change with time, it is considered that the experiment has reached the steady state of thermal equilibrium. Then, recording of the experimental data can be started. The data acquisition frequency of multi-function data collector is 10 minutes per time. Thermocouple is arranged in left, middle and right cross-sections along the length direction of sample pipe, four evenly arranged for each section. The internal and external walls are oppositely arranged, a total of 24, and the specific layout is shown in Figure 2 . The average value of 12 measuring points is taken for internal and external wall temperature. In order to avoid the influence of radiation heat transfer on the experimental results, the experiment uses aluminum foil tape of low emissivity to process the probe used in the experiment, to ensure accuracy of experimental results [15] . 
Test Data and Analysis
According to the above method, two sets of electric blankets with heating power of 152 W and 134 W were tested. Figure 3 shows the process of change of internal and external wall surface temperature of the test piece with time. We can see that internal and external wall temperature of the test piece increases gradually with the experimental time until stability. In the first 150min, two wall temperature changes fast, but slightly after the experiment is carried out for 300 min, which can be deemed that the experiment is in steady state. Then, complex thermal conductivity coefficient of test piece under different thermal power conditions can be obtained according to Formula (2) . The test and calculation results are shown in Table 2 . Take the average of the two test results, and then conductivity coefficient of the new direct buried thermal insulation pipe is 0.812 W / (m⋅K).
Error Theory Analysis
In view of the above test results, this paper respectively proceeds with theoretical verification from the two aspects of thermal balance and total thermal resistance, in order to verify the experimental results and accuracy of characteristics data of existing material.
According to formula (3), natural convection heat transfer of air on specimen surface can be calculated. In stable experimental state, the value should be equal to measured heat production of electric blanket or heat transfer capacity of composite pipe, and complex thermal conductivity coefficient can thus be calculated. The calculation results are shown in Table 3 .
Wherein, a Φ is the convective heat exchange amount of the outer surface of the specimen, W;
h is the convective heat exchange coefficient of the outer surface of the specimen. According to literature [16] , the surface heat transfer coefficient is10 W/(m 2 ·K); f t indicates temperature of the air in contact with the wall, °C; w t means outer wall temperature of the specimen, °C The error between the measured value and the calculated value is 2.1%, which verifies reliability of the experimental method and the result.
At the same time, according to the existing thermal conductivity coefficient of the composite pipe material, complex thermal conductivity coefficient of specimen pipe can also be calculated through Formula (4).
mm, l=1800 mm, as searched from the manual: λ 1 =45 W/m⋅K, λ 2 =0.103 W/m⋅K, thus equivalent thermal conductivity of the specimen can be calculated: λ eq,layer =0.829 W/m⋅K.
The error between the calculated value and the experimental result of 0.812 W/m⋅K is 2.1%, indicating that reported value of thermal conductivity of insulation material of coal tar and enamel is trustworthy.
Conclusion
Large diameter prefabricated composite pipe of coal tar and enamel is widely used in long-distance buried pipeline of oil and natural gas. Anticorrosion and heat preservation effects are the key to its safe and reliable operation, especially in cold climate area. However, it is difficult to test thermal performance of large diameter prefabricated composite pipe. Based on Fourier's law, in this paper, with simple and easy test method, we obtained that complex thermal conductivity coefficient of large-diameter direct buried composite pipe of coal tar and enamel was 0.812 W/(m⋅K). Also, the experimental method and reported value of thermal conductivity of anti-corrosion insulation materials of coal tar and enamel were verified from two aspects, which provided a reference for thermal test of large diameter prefabricated composite pipe and engineering application of prefabricated composite direct buried pipeline of coal tar and enamel [17] [18] .
